► Hepatitis E virus (HEV) was searched in raw and treated wastewater in Switzerland.
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Introduction
44
Many waterborne diseases, like gastroenteritis or hepatitis, are caused by viruses and are a major 45 threat to public health (Bosch et al., 2008) . Human viruses such as adenovirus type 40 (HAdV-40) 46 and noroviruses (NoV) genogroup I (GGI) and genogroup II (GGII) are commonly found in 47 M A N U S C R I P T
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Three duplex qPCR assays were developed to allow simultaneous detection of viruses: NoV-148 GGII/RYMV and HEV/RYMV for RNA viruses, and HAdV-40/PAdV for DNA viruses. The reaction 149 efficiencies were measured on serial 10-fold dilution mixtures of 2 virus amplicons cloned in 150 pGEM-T as described for the monoplex assays. Cross-reactivity between the assays in duplex was 151 evaluated by comparing the amplification of the target in single-plasmid solution and in multiple 152 plasmid solution. 153 154
Virus control 155
To ensure that every sample had been treated appropriately to allow detection of target viruses, 156
we used the Rice Yellow Mottle Virus (RYMV) isolate CI116 as an internal positive control. RYMV is 157 a plant pathogen present mainly in Africa and Asia, but absent from Europe (Kouassi et al., 2005) . 158
This virus is very resistant in the environment and is structurally similar to HEV (no envelope, one 159 single-strand RNA with positive polarity). Preliminary experiments showed that seeded RYMV is 160 efficiently recovered from wastewater (data not shown). Virus stock solutions were kindly 161 provided by Jean-Paul Brizard (IRD Montpellier) and were quantified by qPCR. An amount of 2 × 162 10 6 GE copies of RYMV was used to spike each sample. The quality of each sample was assessed 163 by the efficient amplification of RYMV. The sample validation threshold was 4 × 10 5 GE copies of 164 RYMV. Samples with an amplification of spiked RYMV under the threshold were reanalyzed or not 165 considered. 166 167 2.5. Virus concentration from water samples 168 Viruses were concentrated from water samples either by a membrane filtration procedure 169 adapted to HEV (method used in first year) or using a direct polyethylene glycol precipitation 170 (method used in second year). The membrane filtration procedure was based on the Viradel 171 method (Eaton and Franson, 2005) . Briefly, 500 mL of cold water samples under agitation were 172 supplemented with 50 mM MgCl 2 and adjusted to a pH of 3.5 with HCl. Water was filteredM A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
8 through a glass fiber pre-filter (AP20, Millipore, Switzerland) and an electronegative nitrocellulose 174 membrane (HA, Millipore, Switzerland) at 50 mL/min. Filters were washed with cold 0.05 M 175 glycine, 1.5% beef extract, pH=9.5. Filter surfaces were scratched and a bath sonication treatment 176 was applied for 5 min. Eluates were neutralized with diluted HCl and centrifuged at 2500g for 5 177 min at 4°C. The supernatant was spiked with RYMV and precipitated with PEG as described below. 178
The pellet was resuspended in 460 µL of PBS. Nucleic acids were directly extracted from 140 µL of 179 this suspension. 180
181
For the direct precipitation method, influent and effluent water samples were concentrated using 182 polyethylene glycol as described previously (Lewis and Metcalf, 1988) with the following 183 modifications. Briefly, 90 mL water samples were spiked with RYMV and clarified by 184 centrifugation in a swing-bucket rotor at 2500g for 5 min at 4°C. The liquid was carefully 185 recovered without disturbing the pellet and 30 mL of a stock solution of 32% PEG 8000 and 1.2 M 186 NaCl were added to the recovered liquid. PEG precipitation was achieved by a short, vigorous 187 shaking followed by incubation for 16 h in ice. The solutions were then centrifuged at 10000g for 188 30 min at 4°C in a fixed-angle rotor. The pellet was drained from most of the supernatant and 189 directly treated with 560 µL of lysis buffer (AVL buffer, Qiagen, Switzerland) Reverse transcription was carried out using the Superscript III first-strand synthesis system for RT-210 PCR (Life Technologies, Switzerland) and a mixture of reverse primers priming towards the 211 particular RNA viruses to be detected (Table S1 ). The 20 µL reaction mix included 10 µL of RNA 212 solution and was prepared as per the manufacturer's protocol, using RNAsin (Promega, 213 Switzerland) as the RNase inhibitor. The reaction was incubated for 60 min at 50°C and heat-214 inactivated at 70°C for 15 min. The cDNAs were finally diluted to 100 µL with TE 0.1X. No 215 difference of RT efficiency was detected when using a single reverse primer or a mixture of 216 reverse primers in the reaction mix. 217 218 2.9. qPCR assay 219 Each reaction was performed on 5 µL of nucleic acid solution with the qPCR core kit (No ROX, with 220 dUTP, Eurogentec, Switzerland) as per the manufacturer's protocol. All reactions were performed 221 in a RotorGene-3000 (Corbett Research/Qiagen, Switzerland) using the following profile: digestion 222 with uracil-N-glycosylase at 50°C for 2 min; initial denaturation at 95°C for 10 min; 45 cycles of 15 223 s denaturation at 95°C; and 30 s annealing and extension at 60°C. Each sample was analyzed in 224 M A N U S C R I P T A C C E P T E D Nested PCR was performed with a set of primers allowing specific amplification of HEV GI (La Rosa 235 et al., 2010) . The reverse internal primer was modified to take into account the variability of HEV 236 GI in this region (Table S1 ). The first reaction was carried out on 5 µL of cDNA in a total volume of 237 50 μl containing Pfu PCR buffer 1× (Promega, Switzerland), 200 μM of each deoxynucleotide 238 (dATP, dCTP, dGTP, dTTP), 0.4 µM of each external primer, and a combination of polymerases-1 U 239 of Taq polymerase (Promega, Switzerland) and 0.2 U of Pfu polymerase (Promega, Switzerland) to 240 achieve efficient amplification at low error rate. PCR amplification included: an initial 241 denaturation step at 94°C for 1 min; followed by 35 cycles of denaturation at 94°C for 45 s; primer 242 annealing at 50° C for 45 s; and an extension step at 72°C for 1 min; and then a final extension 243 step at 72°C for 5 min. A second round of amplification was performed similarly to the first PCR, 244 using the internal primers and 0.5 µL of the first PCR product. PCR products were identified by 245 electrophoresis in 1.5% agarose gels and stained by ethidium bromide. Positive PCR samples were 246 confirmed by direct sequencing. Strict precautions were taken to avoid cross-contamination, as 247 described above. HEV GIII was detected with the same protocol using 3 GIII-specific primers to 248 allow efficient detection (Table S1 ). With the exception of the qPCR assay to amplify the internal positive control RYMV, the specificity 252 and efficiency of the qPCR assays have been previously described (Table S1 and references 253 therein). We evaluated the ability of the different qPCR assays to efficiently amplify their targets 254 under our conditions. Reaction efficiencies and specificity were confirmed for all qPCR assays 255 (Supplemental Table S2 ). 256
Three duplex assays were developed for the detection of viruses: NoV-GGII/RYMV, HEV/RYMV, 257
and HAdV-40/PAdV. Duplex qPCRs showed equivalent reaction efficiencies to the corresponding 258 monoplex qPCR (Supplemental Table S2 ). Furthermore, no cross-reactivity was observed for any 259 duplex assay combination. 260 The first method, based on a membrane filtration of HEV-spiked samples, showed a mean 264 recovery efficiency of 30% (n=3) and ranged from 12% to 45%. The second method was evaluated 265 based on a direct PEG precipitation of clarified wastewater samples. The recovery efficiency for 266 HEV had a mean of 39% (n= 5) and ranged from 25% to 53%. For RYMV, the recovery efficiency 267 ranged from 58% to 71% with a mean recovery efficiency of 66% (n=5). 268
As the PEG precipitation method could lead to the concentration of enzymatic inhibitors, the 269 effect of such compounds on PCR and RT efficiency was evaluated. Compared to the spiked 270 distilled water sample, PCR efficiency was reduced to 71% and 81% in influent and effluent water 271 samples respectively (Table S3) . RT efficiency was reduced to 79% for influent water samples 272 (Table S4) . 4 GE copies/L was found for this sample (Table 1) . 287 We searched for HEV in effluent samples from WWTPs which had HEV positive influent samples 312 (14 summer samples and 1 winter sample). As a control, 10 randomly selected effluent samples 313 for which influent samples were negative for HEV were also included in the analysis. None of 314 these samples was positive for HEV. The NoV-GGII concentrations were evaluated in effluent 315 samples from WWTPs for which quantifiable virus loads were found in influent samples (21 316 summer samples and 22 winter samples). For most samples, NoV-GGII concentrations from 317 influent to effluent were reduced under the LOQ (1.86 × 10 4 GE copies/L) ( Table 2) . Only 2 318 summer and 3 winter effluent samples were above the LOQ (Table 2) . However, traces of NoV-319 GGII were still detected in 7 summer and 11 winter effluent samples. The HAdV-40 concentrations 320 were evaluated in effluent samples from WWTPs for which quantifiable HAdV-40 loads were 321 found in influent samples (26 summer samples and 24 winter samples). All but 3 effluent samples 322
were positive for HAdV 40 (Table 2) . Among these, 13 summer and 5 winter samples displayed 323 quantifiable HAdV-40 levels. (Fig. 3) . samples. This method, described previously (Lewis and Metcalf, 1988) , has been used to 361 efficiently recover viruses from water samples (Aw and Gin, 2010; Tong et al., 2011) . Moreover, 362 many virus species can be concentrated at the same using this method. Compared to the 363 membrane filtration method, the direct PEG precipitation method is more adapted to raw 364 wastewater samples, which have high turbidity and variable composition. Our comparison of the 365 2 methods showed that both methods have similar HEV recovery efficiencies. Since the PEG 366 precipitation method was highly more practical than the membrane filtration method, with no 367 interference on the results, we used it during our second year of study. 368
369
The WWTPs included in our study all used activated sludge treatment, but they varied in size, 370 structural organization and location. Our objective was not to determine the virus removal 371 capabilities of WWTPs, but rather to evaluate the possibility of virus release from those WWTPs to 372 environmental water. HEV was not detected in any effluent samples, which is in agreement with 373 the low concentrations detected in influent samples. However, we cannot completely rule out the 374 possibility of HEV release into environmental water since the detection method cannot detect 375 concentrations lower than 6.50 × 10 4 GE copies/L. Although wastewater treatment processes 376 efficiently reduced the concentrations of NoV-GGII in most samples, the presence of NoV-GGII 377 M A N U S C R I P T
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was still detected in 9 summer and 14 winter effluent samples. Furthermore, 2 summer and 3 378 winter effluent samples showed a NoV-GGII concentration higher than the LOQ (1.86 × 10 4 GE 379 copies/L). Other studies have reported the frequent release of NoV-GGII in WWTP effluent 380 (Katayama et al., 2008; Hewitt et al., 2011; Simmons and Xagoraraki, 2011) . Although 381 concentrations of HAdV-40 were reduced in many of them, the virus persisted in effluent samples. 382
This result is explained by the highly resistant properties of this virus (Thurston-Enriquez et al., 383 2003) . 384
385
In this study, we observed that the occurrence of HEV in wastewater is significantly higher in 386 summer than in winter. This seasonal difference could depend on many factors, such as particle 387 stability, environmental conditions or outbreaks. The possible influence of incoming water flow is 388 unlikely, since there is no remarkable difference in flow between the seasons (Head of Zurich 389 WWTPs, pers. comm.). It is noteworthy that medical studies of HEV infection have never revealed 390 a seasonal pattern. Since HEV GIII usually causes an asymptomatic infection, it is possible that 391 most cases of HEV remain not diagnosed. We also found that NoV-GGII and HAdV-40 were 392 present in almost all influent water samples at high, stable concentrations (Table 1) , as little 393 variation was observed between the 2 seasons. HAdV-40 is known to be widespread in the 394
European population, where it can cause outbreaks of gastroenteritis, mostly in children during 395 winter. After infection, HAdV-40 excretion by the host can last from months to years (Jiang, 2006) 396 and the consequent lack of a seasonal pattern for this virus in wastewater has been confirmed by 397 several studies (Jiang, 2006; Katayama et al., 2008) . NoV-GGII is also common in the European 398 population and is frequently responsible for winter gastroenteritis outbreaks (Glass et al., 2009) . 399
Our study in Switzerland clearly shows that NoV-GGII is present in wastewater in both winter and 400 summer, without any noteworthy variation. Other studies have found that NoV-GGII is present in 401 wastewater year-round, with higher concentrations in winter and lower concentrations in , 2010) . Overall, these results show that GI can be detected in wastewater produced in 418 industrialized countries. It is assumed that GI released in wastewater is due to people who have 419 recently travelled to a GI-endemic country. This assumption is confirmed by the alignment of our 420 detected GI sequence-with a HEV strain originating from Nepal ( Fig. 2 and S1 ). However, it is not 421 known if HEV GI present in wastewater can spread into the environment and infect a new host. 
Conclusions
427
• HEV is present frequently but at low concentrations in raw wastewater in the Canton of 428 Zurich in Switzerland, indicating that HEV is common in the population of the area 429 studied. 430
• There was no evidence of HEV release from WWTPs into environmental water. 431
• HEV frequency depends on the season, with higher frequencies of HEV detection in 432 summer. The seasonal character of HEV occurrence has not been previously described 433 and requires further investigation to understand its causes. Table S1 -List of primers used in this study 451 Table S2 -qPCR assay characteristics  452   Table S3 Tschopp, A., Joller, H., Jeggli, S., Widmeier, S., Steffen, R., Hilfiker, S., Hotz, P., 2009. Hepatitis E, 565 Helicobacter pylori and peptic ulcers in workers exposed to sewage: a prospective cohort 566 study. Occupational and Environmental Medicine 66 (1), 45-50. 567 Wacheck, S., Sarno, E., Märtlbauer, E., Zweifel, C., Stephan, R. The spiked DNA is a RYMV PCR fragment cloned in pGEM-T. Range is defined by the minimal and the maximal calculated concentrations. The spiked DNA is a RYMV PCR fragment cloned in pGEM-T. Range is defined by the minimal and the maximal calculated concentrations. Figure S1 -Alignment of the sequence of WWTP influent sample G1 with the closest match in NCBI Blast 
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